Abstract. Malate in beet discs treated in different salt solutions was labeled by a 30 min pulse of 14CO2, and subsequent changes in specific activity were followed for several hr. In treatments which resulted in net acid synthesis in response to excess cation absorption, malate specific activity fell slowly after removal of 14CO,. In solutions where no net acid synthesis occurred, and from which cation and anion were absorbed equally, malate specific activity fell rapidly when 14C02 was removed. The foregoing suggests that the net synthesis of organic acids in response to excess cation absorption leads to the removal of organic 'anions from cytoplasmic metabolic pools as counter-ions in salt transport to the vacuole.
rapidly when 14C02 was removed. The foregoing suggests that the net synthesis of organic acids in response to excess cation absorption leads to the removal of organic 'anions from cytoplasmic metabolic pools as counter-ions in salt transport to the vacuole.
The latter hypothesis was further examined by direct measurement of the distribution of labeled malate between cytoplasm and vacuole using the wash-exchange method of compart. mental analysis, previously described for inorganic ions. The method satisfied the criterion of exchange specificity necessary for this purpose. Much higher retention of label in the cytoplasm was observed in KCl solutions (no net synthesis) than in K2S04 solutions (net synthesis) after 3 hr 14CO2 fixation and subsequent wash-exchange. The observed distribution is consistent with the rapid removal of organic anions to the vacuole during net acid synthesis.
The significance of organic acid transport in relation to metabolism is discussed.
There is at present no satisfactory method for directly determining the distribution of organic acids within plant cells. Compartmentation is clearlv indicated by the gross differences of specific activity of the various organic acids following continuous or pulse presentation of 14CO2 or labeled substrate (13, 14, 15, 16, 17, 24) , and by the very different rates of label loss from a given organic acid depending upon the manner in which endogenous labeling is accomplished (14, 15, 24) . However, the quantitative conclusions from such experiments are very limited. Approaches to the problem of compartmentation and movement of acids in response to the balance of ion absorption ( 1, 10, 11, 28) have thus been restricted. For a variety of reasons it is deemed that it is primarily the vacuolar organic acid level which ultimately responds to the selective absorption of 1 member of an ion pair. This view is supported by experiments which show that acid metabolism responds more markedly to the balance of ion absorption in vacuolated cells than in the non-vacuolated tips of barley and maize roots (27) , and that the proportion of acids in equilibrium with turnover pools decreases as vacuolation increases (17) .. In beet, membrane potential measurements further suggest acid transport to the vacuole under 1 Oxalate fractions were estimated bv lhot acid titration wvith 0.01 N KMInO4 (20 2 (dpm/Aequivalent) X 10-3. malate during post-pulse incubation would accentuate rather than suppress the drop in malate specific activity with time. That the specific activity drops more sharply in the absence of net synthesis (i.e. in KCl rather than in tris/KCl, fig 1, or K2S04, fig 2) (Jacoby and Laties, unpublished), is that net synthesis leads to malate sequestration in the vacuole. To verify the foregoing presumption the distribution of malate in the cell was investigated directly by compartmental analysis.
Compartmental Analysis. During exchangewashing of labeled malate from beet discs with successive solutions of unlabeled malate, there is concomitant respiratory degradation and metabolic conversion of malate-14C. The low temperatures used in the exchange experiments minimize these complications.
Pretreatment of aged discs in 0.5 mM malate-3-14C for 15 hr at 20 labels other organic acids much as does labeling by 14CO2 fixation (table II) . After exchange washing in unlabeled 0.5 mM K-malate, radioactivity was found in the bathing solutions. That the exchange was specific, i.e. that malate-14C exchanged for malate, was shown 1) by chromatography of the bathing solutions, which revealed malate-14C to be the principal labeled compound; 2) by tissue analysis before and after exchange washing, which showed that malate was the only labeled acid to change appreciably in specific activity (table II) ; and 3) by a comparison of malate-14C in the tissue before washing i(42,540 dpm/3 g) with the sum of tissue malate following washing, plus that in the bathing solutions (46,600 dpm/3 g).
The small disparity in the latter instance may be due to experimental error, or to traces of aspartate in the bathing solutions. These observations show that the exchange was specific, and suggest that metabolism of malate-14C was of minor importance, at least at 20. At 250 malate-14C was more rapidly exchanged from the tissue, as would be expected (3, 19, 21) , but concurrent metabolisnm complicated the interpretation, as shown by changes in the specific activity of other acids (table II) . The time curves for malate-14C exchange are shown, in figure 4. Discs pretreated for prolonged periods with malate-3-14C subsequently lost radioactive malate in a manner bespeaking compartmentation. The sequence and time-course of malate exchange suggest the same free-space, cytoplasmic, and vacuolar compartments found for potassitmn in the same tissue (table III) . When tissue malate was labeled by 14CO., fixation for 3 hr at 25°ratlher than by pretreatment with malate "4C. exchange washing in 0.5 mm K-malate revealed only "cvtoplasmic" and vacuolar compartments for labeled malate, as would be expected. The apparent distribution of labele(d malate between cytoplasm anid vactuole maya be obtained by extrapolation of the al)l)rl)riate curves to the -ertical axis (fig 4) .
Compartmentation analysis was used to examiiine the effect of salt treatmenit on the distribultion of malate labele(d during 3 hr dark 14CO. fixation. Aged discs were pretreated for 1 hr in 0 ; mm CaSO4 alone, or in 0.5 mm CaSO, with 20 m1N KCI or 20 m-x K.,SO, before addition of 14CO.. to similar fresh salt solutions. 'Malate-14C in the tissue exchanged with unlabeled 0.5 mMi K-malate as shown in figure 4 . The distribution of malate-1 4 C between cytoplasm and vacuole is showrn in (6) , and mechanism 2 has been assigned by us to the tonoplast (26, 27 (4) . These may be compared witlh the specific organic anion permeases thought to be operative in isolated mitochondria (2) .
